LISTING OF CLAIMS: 

1. (Currently Amended) An apparatus for sending a heartbeat signal in a cluster 
computing system, the apparatus comprising: 
a first host group; and 

a first storage system comprising a first heartbeat storage volume and a first data storage 
volume, the first storage system being associated with the first host group, the first host group 
coupled via a network to a second host group, the first storage system coupled via a remote link 
separate from the network to a second storage system comprising a second heartbeat storage 
volume and a second data storage volume, the second storage system being associated with the 
second host group, the first host group configured to selectively send a heartbeat signal to the 
second host group by use of the remote link by sending a memory command to the first heartbeat 
storage volume of the first storage system which is mirrored via the remote link using a remote 
copy mechanism to the second heartbeat storage volume of the second storage system, wherein 
the second host group is configured to use the received heartbeat signal to determine whether a 
failover should be performed : and wherein: 

the first heartbeat Storage vplume and thq second heftrthftflt RtoragP volume form a jrcrnote 
minor being in an enabled mode; 

the first heartb eat storage volume is registered to a device address entry: 

the first host group operable to s^iid a n activation message to the s econ d host group: anj 
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the second heartbeat volume is registered to the device address entry x 

2. (Currently Amended) A method of sending a heartbeat signal in a cluster 
computing system, the method comprising: 

a= generating a heartbeat signal from a first host group in a production site, the first 

host group being associated with a first storage system comprising a first heartbeat storage 
volume and a first data storage volume; 

installing r emote mirrors in the cluster computing system , including* 

registering the first heartbeat storage volume to a device ad dress entry, and, ftcflfl 
th e production site, changing a remote mirror that includes the first heartbeat stora ge 
volume into an enabled mode: 

sending an activation message from the p r oduction site to a s tandby site; 
registering a second heartbeat stora ge volume of a second storage system fr > foe 
device address entry- the second heartbeat storage v olume located in the standby site: and 
ftpm th e standby site, chang ing the remote mirror into an enabled mode to insti l 
a re mote mi r ror formed by the first heartbeat storage volume and second heartfelt 
storage volume: 

^selectively sending the heartbeat signal from the first host group to a second host 

group by use of the* remote link coupled-mirror formed bv the first heartbeat storage volume and 

the second heartbeat storage vp][imebetween th e fir s t storage systoro and a second storage oystom 

comprising n second heartbeat storag e volume and a second data storage volume, the second 

storage s yst e m - being associated with the second host groups the heartbeat signal being sent from 

the first heartbeat storage volume of the first storage system via the remote link to the second 

2 



12/01/2006 19:48 6506258110 SUGHRLE MION PAGE 04/14 

heartbeat storage volume of the second storage system using a remote copy mechanism, wherein 
the second host group uses the received heartbeat signal to determine whether a f ailover should 
be performed. 

3. (Currently Amended) An electronically-readable medium storing a program for 
permitting a computer to perform method of sending a heartbeat signal in a cluster computing 
system v the method comprising: 

^generating a heartbeat signal from a first host group in a production site, the first 

host group being associated with a first storage system comprising a first heartbeat storage 
volume and a first data storage volume; 

b. installing remote mirrors in the cluster computing system, including: 

registerin g the first hea jftb eat s tora ge volume to a devic e addrgss entry, and, from 
the production site, changing a reptote mirror that includes the first heartbeat storage 
volume into an enabled mode: 

sending an act ivation message from the production site to a standb y site: 
registering a second heartbeat storage volume of a peqonfl storage system fa the 
device address entry, the second heartbeat storage volume located in the standby site: and 
from the st andby site, changing t he r emote mirror into an enabled mode to install 
a rqmptfr pairror formed by the fast heartbeat storage yolume aq4 s econd heartbeat 
storage volume: 

c JL __selectively sending the heartbeat signal from the fust host group to a second host 
group by use of theft remote link rrmpteri mirror fo rmed by the firftt ft^aifoeat storage volume and 
the second heartbeat storage volume, betwe e n tho Aral otorage s ystem and a a ocond storage 
s ystem compri s ing n second heartbeat atoiage volume and a s econd data storage volum e , the 
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sec ond s torage s yst e m - being a ss ociat e d with the second host group , the heartbeat signal being 
sent from the first heartbeat storage volume of the first storage system via the remote link to the 
second heartbeat storage volume of the second storage system using a remote copy mechanism, 
wherein the second host group uses the received heartbeat signal to determine whether a failover 
should be performed. 

4. (Currently Amended) A program code embedded on a comp uter reacfcble 
mediu mc arri e r wav e for causing a computer to perform a method of sending a heartbeat signal in 
a cluster computing system, the method comprising; 

& generating a heartbeat signal from a first host group in a prod uction site, the first 

host group being associated with a first storage system comprising a first heartbeat storage 
volume and a first data storage volume; 

b, installing r epa pte mirrors in the cluster computing system, including: 

registerin g the first heartb eat storage volume to a device address entry, and, from 
the produc tion site, changing a remote mirror that includes the first heartbeat storage 
volume into an enabled mode : 

sending an activation message from the production site to a standby site: 
re gistering a second heartbeat storage volume of a second storage system to the 
device address entry, the second heartbeat stora g e volume located in the standb y site; and 
from the standby site, changing tft? remnte mirror into an enabled mode to install 
a remote mirror formed by the ffrst heartbeat storage volume and second heartbeat 
storage volu me; 

c ff s electively sending the heartbeat signal from the first host group to a second host 

group by use of the* remote mirror formed bv the first heartbeat storage volume and the second 
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heartbeat st ora ge volume J ink coupled botwooa th o fi r st storage system and a o ooond storag e 
sy s tem comprising a 3ceond heartbeat storag e voluj.no and a second data s torage volume, th e 
seeot^ torag e s ystem b e ing a ss ociat e d wi t h th e second ho s t greup , the heartbeat signal being 
sent fiom the first heartbeat storage volume of the first storage system via the remote link to the 
second heartbeat storage volume of the second storage system using a remote copy mechanism, 
wherein the second host group uses the received heartbeat signal to determine whether a failover 
should be performed. 

5.-9. ( Cancelted) C urrcntly - Amcndcd) An apparatus for r ee e i viBK a h e artb e at signal in 
a-reme to - host group; and 

a remote storage sy st em oomprising a remote heartbeat storage volum e and a remote data 
storage volum e , tho remote storag e s ystem b e ing a ssee toted with the remote ho s t group, th e 
ge mote ho s t group conllgu y ed to - p e l e etively receiv e a h e artb e at -s igns! by us e of a remote fefe 
coupled to tho remote storage s ystem, th e h e artb e at s ignal being r e ceived by the r o moto heartbeat 
storage volume of th e remote storage syst e m via th o remote link using a remot e c opy m e chanism, 
wherein the r e mot e host group io c onfigured to us e th e r e c e iv e d h e artb eat s i g nal to det e rmin e 
wheth e r a failover should be perform e d* 

& (Currently Amended) A m e thod of r ec e iv ing a h e artbeat s ignal in a clust e r 

computing syst e m , th e m e thod compri s ing: 

selectively roc o ivlng a heartbea t signal in a remot e host group by u se of a remot e link 
coup l ed with a s torag e 3ystom comprising a heartb e at storage volume and o data storage volum e? 
th e storage syst e m being as s ociated with th e remote host group, tho heartbeat signal being 
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feeeiv ^ via the remote link at t he heartbeat storage) volume of the storage s ystem using a remot e 
cop y m echanism , wh o r ei n the remote host group uses the rec eive d heartbeat signal to d etermine 
whethe r a failovcr s hould b e pe r formed. 

7, — (C urrently Aw<?mf^ AfN ^etronically r e adabl e m e dium storing a pr ogram fo r 

permitting a computer to perform a m e tho d of receiving a heartbeat signal in a cluster computing 
sy st e m , t he m eth od comprising: 

s e l e c^v ely-f weiving a heartb e at- stgfi fil ina remot e hoot gr o up by use of a r e mot e link 
coupled with a storage system comprising a heartbeat storago volume and a data storag e volum e 
th e s to r ag e a yg t cm being associated with the remote ho s t gr o ups the heart be at signal b e ing 
received by th e- hoartbeat storage volume - of 4he storag e s ystem via th e- remote link using a 
remote copy mechanism, wherein th e r e mote hoot group us es th e re cei ved h e artbeat signal to 
dete rmine whether a failov o * should be 'p e rformed* 

& (Currently Amended) A program code em bedded on a carrier wav e fo r causing a 

comput e r t o perfor m a m e thod of rec e iving a h e artbeat fligaal in a du s ter computing s yst e rorthO 
method comprising?- 

selectiv e ly receiving a heartb e at signal h\ a remot e host group by use of a remote link 
coupl e d with a stor a g e & y s t g m comprising a h e artbeat s torage volume a n d a data s torage volum e , 
tho storage system being associated witfc - the remote host group , t he heartbeat signal b e ing 
received by tho heartbeat storage volum e of tho s torage sy s tem via th e remote link using a 
remote copy mechanism, wh e r e in the remot e host group use ^fee-r^eive d heartb e at signal to 
d etermine wh e th e r a failover s hould be perform e d, 

9r — {Currently Amended) A cluster computing o ystcm, compri s i ng* 
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a production host group; 

a fir s t s torage s ystem comprising o first heartbeat storage volume ond a first data s torage 
volum e , the first s torage s ystem b e ing associ ated^with the produc t io n host group ; 

^ standby host group coupled to the production host group by a network; 

a-seeoad otorago system eet npri o ing a oecond ho af tbcat s torage volume and a o o o ond data 
sto rag e volum e , th e s e con d s t ora g e system being associat e d with the stand b y host group; and 

a r e mote mirror coupled between the production host group and the standby host group, 
the remote mirror being separate from th e- n etwerisf 

the production host group oon fi gia re d to se l e ctively s e nd a h e artboa t s i gn al t o th e standby 
h oot group by use of th ot emotc mirror, the heartbeat s ignal b e ing - s e nt from [[a]} tho firat 
heartbeat storag e vo l ume of th e first storag e sy s tem associat e d with the production host group 
v ia the remot e mirror to [ Ea ffi &e^se eond heartbeat storage volume of th o sooo nd st orage system 
as s ociated with th e standby host group using a remot e copy me ehams m, wherein th e standby 
hos t group i s operable to use the receiv e d heartbea t signal to determine wheth e r a failovor s hould 
be p e rformed, 

10* (Currently Amended) A method of checking for failure in a cluster computing 
system, the method comprising: 

aL___generating a heartbeat signal from a first host group in a production site 
associated with a first storage system comprising a first heartbeat storage volume and a first data 
storage volume; 

b« installing remote mirrors in the cluster computin g system, including: 
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registering the first h eartbeat storage volume t o a device address entry, and, from 
thejffoducti on site, changin g a remote ..minor that includesAeJirgt Jjeartbeat^agS 
volume info enabled mode; 

sending an activation message from the produ ction site to a standby site; 

regist erin g a second heartbeat storage volume gf a second storage sysjemjo the 
fo»vice address entry, the second heartbeat storage v olume located in the standby site: and 
from the standby site, changin g the remote mirror into an enabled mode to install a 
remote mirror formed by the first heartbeat storage vo lum e and secon d heartbeatstorage 

c» _s electively sending the heartbeat signal from the first host group to a second to 
host group associated w i th a second storag e-s ystem compri s ing a second h e artb ea t ototage 
volum e and a o o cond data storage volum e b y use of thga remote mirror fcrmg<j. fry, the first 
heartbeat storage volume and the second heartbeat storage volume j nirror coupled b e tw e en th e 
host groups, the heartbeat signal being sent fromffa]} the first heartbeat storage volume of the 
first storage system a s sociat e d with the first host group - via the remote mirrorremot^fafe to-ffa]} 
the second heartbeat storage volume of the second storage system associated with th e s ec o nd 
hest^eap-using a remote copy mechanism, wherein the second host group uses the received 
heartbeat signal to determine whether a failure has occuned* 

11. (Currently Amended) A cluster computing system, comprising: 

a production host group associated with a production storage system comprising a 

production site heartbeat storage volume (heartbeat PVOL) and a production site data storage 

volume; 
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a standby host group coupled to the production host group by a network and associated 
with a standby storage system comprising a standby site heartbeat storage volume (heartbeat 
SVOL) and a standby site data storage volume; and 

a remote mirror coupled between the production host group and the standby host group, 
the remote mirror including the heartbeat FVOL and the heartbeat SVOL coupled by a remote 
link to the heartbeat PVOL> the remote minor being separate from the network; 

the production host group configured to selectively send a heartbeat signal to the standby 
host group by use of the remote link using a remote copy mechanism, wherein the standby host 
group uses the received heartbeat signal to determine whether a f ailover should be performed jujJ 
wherein: 

the remote mirror being in an enabled mode; 

the heartbeat FVOL is registered to a device address entry: 

t he production host group is operable to send an activation message to the standby host 
group: and 

the heartbeat SVOL is registered to the device address entry . 

12. (Original) The cluster computing system of claim 11 wherein the production host 
group comprises a first heartbeat check module configured to generate the heartbeat signal, 

13. (Original) The cluster computing system of claim 11 wherein the standby host 
group comprises a second heartbeat check module configured to receive the heartbeat signal* 
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14. (Original) The cluster computing system of claim 11 wherein the standby host 
group manages operations of the cluster computing system if an invalid heartbeat signal is 
received by the standby host group from the production host group* 

15. (Original) The cluster computing system of claim 11 wherein the heartbeat 
message comprises: a serial number assigned to the heartbeat message, a time indicator 
indicating a time of the generation of the heartbeat message, and an identifier identifying a 
sender of the heartbeat message. 

16. (Previously Presented) The cluster computing system of claim 11 further 
comprising: 

a second remote minor coupled between the production host group and the standby host 
group, the second remote mirror including a second remote link for transmitting a heartbeat 
signal; 

the standby host group configured to selectively send a heartbeat signal to the production 
host group by use of the second remote link. 

17. (Currently Amended) A method of checking for failure in a cluster computing 
system, the method comprising; 

a, g enerating a heartbeat signal from a production host group in a production ?ite 
associated with a first storage system comprising a first heartbeat storage volume and a first data 
storage volume; 

installing remote mirrors in the cluster computing system, including : 
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registering the first heartbeat storage vo lume tq a device address entry, and, from 
the produ ction site, changing a remote mirror that includes the first hearfl^at.g>nragg 
volume into an er^blefl mod$; 

sending an activation message from the production site to a standby site: 
registering a second heartbeat storag e volume of a second stora ge system to the 
device address entry, the second heartbeat storage volume located in the standby site: and 
from the standby site, changing the remote mirror into an enabled mode to install a 
EmofrmkmiJ^ s torage volume and second heartbeat stora ge 

c. selectively sending the heartbeat signal to a standby host group in the standby site 

associated with a s econd storage Gystem comprising a second heartbeat s torage volumo and a 
s e cond data storag e volum e f rom the production host group in the production site b y use of jhea 
remote mirror formed by the first heartbeat storage volume and the second heartbeat storage 
volumeMek using a remote copy mechanism betw e en th o- fir a t heartbeat storage volume and the 
s econd h e artbeat s torag e volume ; 

i i _„detennining > by the standby host group, that a failure Jbias occurred, if an invalid 
heartbeat signal is received by the standby host group from the production host group; and 

e. enabling the standby host group to manage operations of the cluster computing 

system if the failure has occurred, 

18. (Previously Presented) The method of claim 17 further comprising; 
selectively sending a heartbeat signal to the production host group from the standby host 
group by use of a second remote link. 
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19- (Cancelled) 

20. (Original) The method of daim 17 further comprising: 
de-installing remote mirrors in the cluster computing system, including: 
from a production site, changing a remote mirror into a disabled mode; 

sending a de-activation message from me first production site to a standby site; and 
from the standby site, changing the remote mirror into a disabled mode to de-install the 
remote minor. 

21. (Original) The method of claim 17 wherein the selectively sending step 
comprises: 

determining if a network between the production site host and the standby site host is 
enabled; 

if the network is enabled, sending a heartbeat message along the network from the 
production site host to the standby site host; 

detennining if a remote mirror between the production site host and the standby site host 

is enabled; and 

if the remote mirror is enabled, sending a heartbeat message along the remote mirror 
fjom the production site host to me standby site host. 

22. (Original) The method of claim 17 further comprising: 

receiving a heartbeat message from the production site host to the standby site host in the 
cluster computing system, including: 

deterrnining if a network between the production site host and the standby site host is 

enabled; 
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if the network is enabled, checking for a heartbeat message along the network from the 
production site host to the standby site host; 

determining if a remote minor between the production site host and the standby site host 

is enabled; 

if the remote mirror is enabled, checking for a heartbeat message along the remote mirror 
from the production site host to the standby site host; and if an invalid heartbeat is received along 
the network and along the remote mirror, enabling the standby host to manage operations of the 
cluster computing system. 

23-24. (Canceled) 
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